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Abstract 

We determine the effective gravitational couplings in superspace whose components 
reproduce the supergravity Higgs effect for the constrained Goldstino multiplet. It 
reproduces the known Gravitino sector whilst constraining the off-shell completion. 
We show that these components arise by computing the effective action. This may 
be useful for phenomenological studies and model building: We give an example of its 
application to multiple Goldstini. 

1 Introduction 

The spontaneous breakdown of gobal supersymmetry generates a massless Goldstino 
PQ, which is well described by the Akulov-Volkov (A-V) effective action [2]. When 
supersymmetry is made local, the Gravitino "eats" the Goldstino of the A-V action to 
become massive: The super-Higgs mechanism [3J. 

In terms of superfields, the constrained Goldstino multiplet Xml [I]) is equivalent 
to the A-V formulation (see also [5H9]). It is therefore natural to extend the description 
of supergravity with this multiplet, in superspace, to one that can reproduce the super- 
Higgs mechanism. In this paper we write down the most minimal set of new terms in 
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superspace that incorporate both supergravity and the Goldstino multiplet in order to 
reproduce the super-Higgs mechanism of [31|T0] at lowest order in Mp\. 

In writing down an effective action we should expect that these terms are generated 
radiatively. To check this we explicitly compute the effective action in components and 
demonstrate that the necessary terms do indeed appear. What is perhaps surprising 
is that these terms arise from an interplay of the gravitational cosmological constant 
that appears in the scalar component of the Goldstino multiplet. We then set the 
gravitational cosmological constant to cancel the F-term of the Goldstino, a prerequis- 
itive for the super-Higgs mechanism. In retrospect this should not be so surprising: in 
supersymmetry all coefficients should be promoted to background superfields and this 
includes the cosmological constant. It it there sensible to suspect that the cosmological 
constant is contained in a chiral superfield. In this paper we show that the cosmological 
constant may naturally be contained within the scalar component of Xnl. Further- 
more we show that all the soft terms associated with the super-Higgs mechanism may 
be naturally written in terms of superspace couplings involving X^l- 

The Super-Higgs mechanism is of course not new, however this approach emphasises 
how the Goldstino couples to general matter supercurrents, both through Goldberger- 
Treiman type derivative couplings and non-derivative couplings. Whilst our effective 
superspace action does not have the full complexity of supergravity, including com- 
plicated expressions involving the Kahler metric, we gain a simpler more transparent 
construction that constrains the off-shell completion. This may be useful for analysing 
Goldstino couplings to U currents and may be naturally extended to the use of S aa 
and R aa current multiplets [11] . It may also offer an in principle phenomenological way 
to determine the correct supercurrent multiplet that describes nature. Furthermore, 
this setup allows for straightforward analysis of models with many Goldstini |12| and 
also with Pseudo-Goldstini [T3UT3] . 

To find these new superspace terms that we must add, we take suitable couplings of 
the Goldstino multiplet Xnl, the supercurrent multiplet J~ aa , the Graviton multiplet 
H aa , Mpi and constant term (x) + C, constrained by dimensional analysis. This is 
reasonable in a weak field expansion in 1 /Mpi . For a theory without matter the proce- 
dure is straightforward. For a theory with matter, to demonstrate the full shift of the 
super-Higgs mechanism, the Goldberger-Treiman relation(s) should appear explicitly. 
This component is related to various couplings of superfields to the Goldstino multiplet 
and are then accounted for |15| . We then demonstrate the super-Higgs mechanism with 
matter supercurrents. 

The outline of this paper is as follows: In the next section we will review the 
constrained Goldstino multiplet Xnl and its relation to the Ferrara-Zumino (F-Z) |16j 
supercurrent multiplet J aa . We then compute the effective action in components 
that reproduces the terms necessary for the super-Higgs mechanism. Next we promote 
the component terms to a full superspace effective action, by coupling the Goldstino 
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multiplet to the supercurrent multiplet and determine that the superspace formulation 
of these new terms correctly reproduces the components of the super-Higgs mechanism. 
In an appendix we include a review of |10j . which is the component formulation of the 
super-Higgs mechanism. We adopt two-component spinor notation throughout. 

2 Non-Linear SUSY coupled to Supergravity 

To describe a Goldstino supermultiplet we may start from a left handed chiral superfield 
DaX = and apply the constraint X 2 = 0. The solution to this equation is given by 
the nonlinear Goldstino multiplet [Hi 17] 

X NL = ^ + V26G + e 2 F. (2.1) 

The field G a is the Goldstino and F the Auxiliary field. / is the scale of supersymmetry 
breaking. In general one must integrate out F, which may be complicated to do in 
practice, but will lead as (i 7 ) = / + where the ellipses may often be ignored 
due to terms with higher derivatives. There may also be an additive constant, C, in 
the definition of the scalar component x. The Goldstino multiplet also satisfies the 
conservation equation |16| 

D & J a a = D a X. (2.2) 

where J a a = — 2<7^. Ju is the Ferrara-Zumino supercurrent multiplet, which is a real 
linear multiplet: D 2 J = D 2 J = 0. In components it is given by 

J» = h + Q a (S m + \a^&cr v ^S v p) + l -e 2 d^{x + C) + & (Sj + \{e &Ai S v ^ a a^)) 

\e 2 d,{x + C) + 9 a a»J a (2T^ - - \e vlipa dbf\) + ... (2.3) 

is the R-current, the supercurrent, T^ u the stress energy tensor and we have 
made explicit the presence of a complex constant C in the definition of the scalar 
component x, the term (x) + C will play the part of a cosmological constant as shown 
in the remainder of the paper. This C may be equivalent to the auxiliary terms found 
in [18-21 J however from this perspective it appears in the scalar component of Xnl- 
The term (x) = | (G 2 ) is a Goldstino condensate and has been discussed before in [22] 
(the coefficient appearing here was derived in [3]). The ellipses may be determined 
from a shift from = — iG a a^-9°. Our metric conventions are mostly minus, 
Vfiv = (1, — 1, — 1, — 1)- The supersymmetry current algebra is 

{Qa, S a ^} = a u aA (2T^ + idvh - ir]^8 x j x - \e^ pX dfj x ) (2.4) 

{Qp, S^} = 2ie xp {a^) x a d p {x + C) (2.5) 
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where the first term of 12. 41 is the conserved symmetric energy tensor and the remaining 
terms are Schwinger Terms that vanish in the vacuum. It is straightforward to use 
the definition of the Supercharge, Q a = fd 3 xS^, to relate this expression to the super 
algebra 

{Qa,Qa} = 2a^ & P fl . (2.6) 



The simplest non linear Goldstino superfield Xnl action that breaks supersymmetry 
spontaneously is given by 

c = j d 4 exj, L x NL + J d 2 epx NL + J d 2 ~ejx ] NL . (2.7) 

As shown in [4J this action, in the absence of other couplings involving the Auxiliary 
field, is equivalent to the full A-V action in components 

Cav = -l/l 2 + idpGoOG + -Lg^G 2 - —L-G 2 G 2 d 2 G 2 d 2 G 2 . (2.8) 

4|/r i6|/| b 

Let us for the moment focus on only the first two terms, which comprise the A-V 
action, ignoring terms with a higher number of derivatives. The relevant terms in the 
A-V action are the supersymmetry breaking term and the Goldstino kinetic terms. 
The supersymmetry breaking term — 1/| 2 in the action is a cosmological constant. The 
minimum of the scalar potential is Vmin = +1/1 2 which is positive definite, and we 
see that global supersymmetry is broken. The supergravity action will also generate a 
cosmological constant, but of opposite sign. If these are made to be equal, the overall 
cosmological constant vanishes. This will appear shortly. 

We introduce the linear supergravity action which provides kinetic terms for the 
Gravitino. The supergravity fields are embedded in a real vector superfield. In Wess- 
Zumino gauge the components are given by 

Hp = 0X A d (V - Vfiu h) + 9 2 6 a (^ a + a m aaP & %p) 

+ l -e 2 M, - l -e 2 Ml + e 2 Ur, + °> p a fit) ~ \^ 2 \ (2-9) 

where = ja^ a H a a, h^ v is the linear Graviton, ijj" is the Gravitino and M^,A^ are 
Auxiliary fields. The kinetic terms of the supergravity action are given by [T7] 
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(2.10) 

The ellipses include a linearised Graviton kinetic term. E^? is defined as 

EH = D i D 2 D f H a a + D f D 2 D^Hi + DW 2 D a H^ - 2d a6c d^ f H^. (2.11) 
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This gives a kinetic term for the Graviton and Gravitino but the remaining fields are 
Auxilliary and therefore not dynamical. The Auxiliary field integrates out to give 
Ay = jgt- + with the ellipses denoting higher order terms in 1/F and 1/Mp;. The 
complex field plays a role in generating a cosmological constant once we weakly 
couple the supercurrent mutliplet to linear supergravity. 

Now that we have introduced the Goldstino and supergravity actions, we would like 
to couple the supercurrent multiplet to a linear supergravity muliplet [TT] 
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- Ak^ mx + c) ~ ii^ Mt ^ + C) (2 - 12) 

As we have integrated by parts on d^C there is also a total derivative term. Also M p i = 
Mpi/8-K is the reduced Planck mass, M p i = (8ttG)~2 where G is the Gravitational 
constant. It is useful here to recall that the supersymmetry current multiplet J aa 
contains at order 9 13 a contribution from fermionic matter and a term proportional to 
the supersymmetry breaking term, 

S» = ££ atter + n/2K d G" , S^ = S^ ttei + iV2pa^ a G a . (2.13) 



3 Super-Higgs as an Effective Action 

Before we write down a superspace effective action, whose components reproduce the 
super-Higgs mechanism, it is worthwhile asking if one can indeed generate the necessary 
terms radiatively. In this section we focus on the component formalism and explicitly 
compute the relevant terms in the effective action. We shall find that the necessary 
terms all arise from couplings to the cosmological constant terms that we introduced 
in our definition of the supercurrent multiplet. 



3.1 The cosmological constant 

First we focus on the cosmological constant. Varying the combination of I2.12l and l2.10l 
with respect to (treating and as independent fields) we find that 

8 -G 8 " Mt " + ^ +c ' ) ) =0 (3 ' 1) 

which has solution 

M*=d^M^ = 2_ (x + C) + D (3.2) 
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where D is an arbitrary mass dimension 2 integration constant [23] which for the 
purposes of our discussion can be set to zero. Substituting this result back in the 
original action, and integrating out A 11 , gives the terms 

_ 3(x + C)(x + C) _ 3j^ 
Laux ~ 16M pi l6M pi ' [6 ' 6) 

We can see that this mechanism provides a non-vanishing contribution to the vac- 
uum energy density of the form |18U24j 



= _^Cf _ 3<x^_3C<x> _3C<z) 
^Vac iQ M 2 pi iqm 2 pi 16M PI 16M PI { ' ' 

which upon using <|x) = (x) = (xxj = simplifies to, 

PVac = -I6M^ (3 ' 5) 

Taking the cosmological constant |/| 2 from the Goldstino action we may cancel the 
overall cosmological constant by setting 

and hence 

C = 4=Mpi/- (3-7) 
In general (x) = | (G 2 ) is not zero and therefore one would find 

B = (x) + \C\ = ^=M Pl \f\. (3.8) 

It has been shown in [3] that whether one generates a Gravitino mass, or not, depends 
on whether these terms cancel, which is related to whether we are in Minkowski back- 
ground or anti de Sitter space. We take them to exactly cancel such that the massive 
Gravitino does appear. 

At this order in Mp\ there is a contribution to the Goldstino self coupling coming 
from 13.3] this takes the form 

C - D ^^T ] =^+m\ l2 G\ (3.9) 

3.2 The component terms 

Starting from Eqn. (|2.12p it is straightforward to see that the effective action generated 
from linear supergravity contains 

(3.10) 
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We define the time ordered current correlators 

(Tm P )S%(-p)]) = n^G 3/2 (p 2 ) (3.11) 

(T[5^(x)5^(0)]) = n^G 3/2 (x 2 ) (3.12) 
which are related by a Fourier Transform. Additionally we define the two point function 

m*Wp(v)) = J -^K^y- iv - {x - y) (3.13) 

where we take that the two point function has the form 



The mass pole 



"3/2 

^3/2(0) 

ms/2 = 

is a consequence of a standard geometric sum of mass insertions. For the model outlined 
in this paper, as will be demonstrated below, 

G 3/2 (0) = 2B and D%(0) = (V^ + |(eO«/») , (3.16) 

such that one recovers the effective contributions 



2f 2 2(f"h 2 - 

LT yj(y 7 KJf ty\J 



3M pl m 3/2 a ZM 2 pl m\ /2 

iP^f^ <^>Q!_/J Q« j ^/V^ -/iaaq /o -|7\ 

+ 1 „,-, 2 t ^matter + 19/ rv 2 ^matter- l- 3 - 1 *; 

12Mp Z m 3 , 2 LZM pl my 2 

From these we see that the cosmological constant factor ^ determines the gravitino 
mass m 3 /2- It is only after we require the vanishing cosmological constant, in the form 
of 13.61 that we find the relation m 3 / 2 = ^gjg ■ 

Finally, we note that the local supersymmetry transformations are also modified by 
the presence of a non vanishing B, these become 

= - ( 2M P{ M e a + ^tJ^^ 6 ") • ( 3 - 18 ) 

Taking Eqn. ()3.17|) and including also the Goldberger Trieman relations one then has 
all the necessary terms to apply the shifts Eqn. (|4.7p and obtain the massive Gravitino 
action coupled to matter supercurrents Eqn. (I4.11D . However we will defer this until 
we have rederived these very same terms from effective superspace terms, in the next 
section. There are also corrections of order p 2 /m^ 2 derived from the effective action 
by integrating out the Gravitino propagator Eqn. (|3,16p . 
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3.2.1 Computing the current correlator 

Here we demonstrate the evaluation of the time ordered current correlator appearing 
in EIO] 

<T[^(z)^(0)]>. (3.19) 

We wish to write this correlator in terms of the super algebra. To do this we take first 
the definition 

(T[S%(x)S%(y)]) = 9(x° - y°) (S^x)S^y)) - 8(y° - x°) (S^y)S^x)) , (3.20) 

where 8(x° — y°) is the Heaviside function and the minus sign between the two terms 
on the right hand side is standard for fermionic operators. Using the standard manip- 
ulation 

d, (T[S£{x)S%(y)]) = 5(x° - y°) ({S° a (x), Sfry)}) + (T[d,S»(x)S» a (y)\) (3-21) 
and then integrating by parts 

- y»d» (T[S£(x)S%(y)]) = (d,y?) (T[S^x)S^y)]) (3.22) 
with y p as a four-vector, one obtains 

(T[Sg,(x)S$(j,)]) = -y p (d(x° - y°) ({S° a (x), Sfty)}) + (T^S^S^y)])) . (3.23) 
Using d^S 11 = to remove the second term then J d 3 xS®(x) = Q a gives 

J d'x (T[S*(x)SZ(y)]) = -yP ({Q a , S^y)}) . (3.24) 

Inserting 

{Qp, S» a } = 2ie X p(a w )ldP{x + C) (3.25) 
integrating by parts, we find 

J d 4 x (T[SP a (x)S^(y)]} = (d°y p )2te Xa {a ua ) x p {x + C). (3.26) 

Thus we see that the constant (x) + C appears in the current correlator. We mention 
that if one instead evaluates the sum rule for {Q a , Sa(x)} then one may show the 
massless Goldstino pole [T|l2"5]. 

Digressing slightly, we make the comment that both / 2 and (x) + C are contained 
within the current algebra and at this point are both free parameters. However the 
requirement of vanishing overall cosmological constant suggests that there is really 
only one free parameter. One might wish for some sort of Ward identity which tunes 
the value of C to preserve local SUSY. It is also tempting to suggest that whatever 
mechanism gives rise to supersymmetry breaking should generate both terms. There 
are at least two independent contributions to (x) + C (perhaps more?). It may also be 
worthwhile to speculate on what types of symmetries X^l may be forced to obey such 
that the vev of the scalar component and the vev of the F term are related to cancel 
the overall cosmological constant. 
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4 The Superspace Terms 



In the previous section we demonstrated that certain terms needed for the super- 
Higgs mechanism are generated in an effective action that combines linear supergravity 
and the Goldstino multiplet. In this section we will promote the effective terms in 
components to full superspace terms in the action. We will demonstrate that the 
components combined do indeed satisfy the super-Higgs mechanism. Our starting 
point of this superspace effective action is to assume all the relevant pieces of section 
[2j In particular we also assume the vanishing overall cosmological constant Eqn. (|3.6|) . 
Next we introduce a new term, we add to the supergravity action 



1 f I m 3/2 X NL rn 3 / 2 X NL 



64 7 / /t 



(4.1) 

which in components gives a Gravitino self coupling 

- i (m 3 / 2 ^(0&M + rrf^^npt) + - (4-2) 

The second superspace term was introduced to remove terms of the form ^ . The 
ellipses denote some higher order terms or derivative couplings, which we will ignore. 
Different off-shell completions will generate different couplings at this order, including 
couplings between the Goldstino and the off-shell supergravity fields, which may be 
interesting to catalogue but deviate too far from the present discussion. 

Next we introduce the new superspace term 

9 f 4 ( m 3/2 X NL m\ /2 X^ NL \ j^jaa 

d ^ ^ — 7 — + — f — J (43) 

which introduces the Goldstino couplings 

-(G a CT^ A 5^ matter + GaO ll0ia Sa/zmatter) — ^^Z^GaG — 2m^, 2 G a G a . (4.4) 



There are also some higher order terms, mostly suppressed by higher orders in 1/F. 
Collecting the relevant terms one obtains 

+ — ^° L(T 0' dl "^matter + Gd,a Maa S' QMma tter) ~ 1^3/2GaG a — my 2 G a G a 

+ + ^S") + \iG«a». S M G* + \iG^d„G a + ... (4.5) 
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4.1 The case of no matter 

We consider first the case of vanishing matter contributions, S^ mSLttei = 0. The com- 
ponent Lagrangian Eqn. (14. 5p reduces to 



- m 3/2 G & G° - m\ /2 G a G a + -^-(F^a^G* + F^^ a G a ) 

+ \iG a <^G & + Uc^ a d p G a + ... (4.6) 



In this case, we can realise the super-Higgs mechanism by applying the shifts [26 
/ ,.. l2d p G a _. _ d i Aa 28^° 
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then one reproduces 



the Lagrangian of a massive Gravitino Weyl spinor 

4.2 Coupling to matter 

To couple the massive Gravitino to the matter supercurrent requires that all compo- 
nents of the shift of Eqn. ()4.7p couple to the matter supercurrent. After integration 
by parts, one of these shifted terms is the Goldberger Treiman relation. These terms 
are the most useful for phenomenology [27] . In the superspace formalism, the Gold- 
berger Treiman terms appear in components in their non derivative form |131I15| from 
superspace terms such as 

J d 2 e^x NL w a w a + J d 2 e^xj, L w A w" (4.8) 



and 



/ 



d A 9^X^ NL X NL &<5> (4.9) 

where 3> represents some generic matter chiral superfield and W a is the superfield 
strength tensor. m\ and rriQ are the soft supersymmetry breaking masses of Gauginos 
and Scalars. Expanding out these terms in superspace, first give the soft breaking mass 
terms and at linear order in the Goldstino, give the Golberger Treiman relations. After 
collecting the components and use of the equation of motion, this will supply 

y^2J ^ amatter ' ^/g f\ ^"matter - V^- iu 7 
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Including these terms with the action given by Eqn. (|4.5I) and applying the shifts of 
Eqn. (f4~7j) we find 

+ T7^-(^(^)n-ttcr + ^(^matter) + ... (4.11) 

The Lagrangian of a massive Weyl Gravitino coupled to matter. 



5 Applications 



So far what we have written is rather abstract. In this section we wish to demonstrate 
some of the uses that an effective action of the super-Higgs mechanism in superspace 
may have. To demonstrate this we first write down the effective action which, in 
components, will reproduce the linearised action that correctly describes the theory of 
multiple Goldstini [12]. 



5.1 Goldstini 

As a simple application, we would like to write an action whose components naturally 
reproduce the effect of multiple supersymmetry breaking sectors, and hence, multiple 
Goldstini. We use an index i running from 1 to N, to label the supersymmetry breaking 
sectors, with Fi F-terms and Xi Chiral superfields. This is the interaction basis rji. 
The mass basis we will label {G, £ a }. The notation is therefore no sum over the index 
i appearing in Sf . We define the Chiral superfields 



2 

Xi NL = £r + V29 Vi + 9 2 F l (5.1) 
from which the components of the supercurrent may be found 

^total = ^matter + ^ ^^^1° " jMx^k = ^matter + ^"^feff^^G^. (^-2) 

i 

It is straightforward to see that the uneaten Goldstino do not appear in the supercur- 
rent, which is a simple application of 

G" = -L£W (5.3) 

Jeff V 



Where f 2 ff is the sum of the ff. We now introduce the N Goldstino multiplet La- 
£ J d 4 9X lNL x\ NL + (| d 2 0f}x lNL + J d^/ixO • (5.4) 



<eff 
grangian 
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The current supermultiplet to supergravity coupling is modified 

Jj- / JOJ,*** D -^d»M»( Xi + C) (5.5) 
which after integrating out d^M^- and using X{ = ^rjf therefore leads to 

^ 16M^ ^ m 3/2% + ™3/2»7i (5.6) 

i i 

which are the uneaten Goldstini masses and a contribution to the Gravitino mass. 
Once the overall cosmological constant is assumed to vanish C = —^=f e ffMpi, this sets 
m 3/2 = feff/V^Mpi. this also fixes the masses of the other Q Goldstini which are 
proportional to C (and not on their respective Fi as one might naively think from an 
effective theory approach). It is the vanishing of the overall cosmological constant that 
sets m a = 2777.3/2: this seems to be the most intuitive argument for the Goldstini mass 
formula. 

Let us now compute the effective action. In fact no new computation is necessary: 
After applying Eqn. (|5.2|) will reproduce exactly the same terms as found in Eqn. (|3.17|) . 
Importantly, the uneaten Goldstini do not appear. 

It is interesting to ask what may be learned about multiple Goldstini coupling 
to super symmetric standard model matter. The Goldstini obey analogue Goldberger 
Treiman type couplings from a natural extension of Eqn. (|4.8|) and Eqn. (|4.9p and 
these have already been explored [12]. However, interestingly the goldstino to matter 



coupling of the form i] a a^Sjj,/Mpi only appears for the true Goldstino G a and not for 
the Goldstini. 



6 Discussion 

In this paper we have written an effective action, in superspace, that manifestly respects 
global supersymmetry and whose components reproduce the super-Higgs mechanism. 
The coefficients of these superspace terms appear to be chosen by hand to reproduce the 
necessary components. We demonstrate that these coefficients arise from an effective 
action. After using this choice of coefficients, the components respect the necessary 
modified local supersymmetry transformations. It is perhaps unfortunate that local 
supersymmetry does not seem to fix the coefficients at the level of superfields but 
suggest that we should interpret our action as an effective one, in any case. 

Still we think this setup is useful as it achieves the super-Higgs mechanism of 
the Goldstino multiplet and more interestingly, through the use of the supercurrent 
multiplet. Additionally we have outlined how an effective action may be written that 
reproduces the results of multiple Goldstini. [12]. 
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A The Super-Higgs Mechanism: A Review 

In this section we review the super-Higgs mechanism following closely the appendix 
of |10| . We choose to review this appendix for two principle reasons: first it makes 
apparent the importance of couplings to the supercurrent Sa, for example the term 
Eqn. (IA.12j) . and secondly because we wish to connect the above work directly with 
phenomenology and observation. 

In two component spinor notation, if supersymmetry is broken by an F term vacuum 
expectation value, then the Goldstino must transform as 5 € x = V^Fe and 5 e x = V2F^e 
where (e, e) are supersymmetry transformation parameters and v2 is a convention. 
Treating supersymmetry as a global symmetry, Noether's theorem leads to a conserved 
supercurrent 

6C = (<V a )S£ + (d„€a)S^ = 0. (A.l) 
Integrating by parts one finds the variation of the action 

5S = - j d^x [e a (d^) + e^S^)] = 0. (A.2) 



The action may be determined 

Sgt = / d 4 x 



V2F M a V2F^ M 



(A.3) 



This gives the familiar Goldberger Treiman relation and a kinetic term for the Gold- 
stino. The supercurrent should contain general matter contributions and a term pro- 
portional to the vev: 

S£ = Matter + , S»* = ^tter + i^a^Xa- (A.4) 

Invariance of the action under supersymmetry transformations implies the canonically 
normalised Goldstino kinetic terms 

ifC^f + \iXa^ a d^ Xa , (A.5) 

these being related to each other by an integration by parts. The reader can verify that 
varying the above kinetic contribution with respect to x a an d X a independently will 
lead to the constraints d^S^ 01 = and d^S^ a = 0, as required in IA.21 thus avoiding 
double counting the kinetic terms as would result by substituting IA.4I in IA.3I directly. 



13 



We now introduce the Gravitino 



Skin = ~\f d 4 xe^(^a uaA d p ^ - ^a4 a d p ip*a) (A.6) 

and consider weakly gauging gravity by the introduction of a Gravitino that couples 
to the supercurrent 

Sinti = J d 4 x^-[^ + (A.7) 



This term naturally leads to 



,h ry a ^ + ^—i>^ a x a , (a. 



Additionally one must introduce the term 

5 int2 = J d 4 x^-[ x a o-^S« + Xa^ a S a ,}, (A.9) 

to obtain 

2 Ft IF 

- r- - X a Xa ~ r- - XaX a - (A.10) 

which is the first source of what will later become the Gravitino mass of the super-Higgs 
mechanism. There is also a contribution from coupling directly to the cosmological 
constant to give the overall mass 

- /- X a Xa ~ /- XaX A - (A.ll) 

In addition, it generates a non derivative coupling between the Goldstino and the 
supercurrent 

^/^r<^) m a t tc r + ^^^^(^)matter. (A.12) 

In [10] . it was commented that it may seem surprising to add this new term Eqn. (|A.12|h 
but that there is no contradiction as this new term vanishes when Mp\ — > oo. It is 
therefore interesting to see that it arises quite naturally after one computes the effective 
action Eqn. (|3.10p or instead from Eqn. (|4.3p . 

To preserve local supersymmetry invariance under the modified [3] transformations 



fyfia = -Mpi(2d ll e a + im3a ua c c e a J (A. 13) 

5 Xa = V2Fe a (A.14) 
one must add a Gravitino self-coupling term 

Sm 3/2 =-i f d 4 x (m 3/2 ^(a^fy vP + mj /2 ^(^)|^) , (A.15) 
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provided that 

m ^ = 7&- (A - 16) 

Gathering all the terms together the overall Lagrangian is therefore 

+ \x a d,< a x a + \x^ Xa - ~^x a x a - -^x«T 



J _ lb a cT^ \ a A - lb 'IT^Y 



1 

2M Pi 



+ ;71rH< (^matter + ^0^) matter) 



+ ^^^^M'S'amatter + ^/^^j- ^matter • (A-17) 



The super-Higgs mechanism is realised by applying the shift 

% _A /2 1 



-> - -j=cr fia c t x a ~ y ^—df.Xa (A. 18) 
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*2 ~" ^"7i^-vI^ Q (A - 19) 



■2 



so that the Gravitino eats the Goldstino degrees of freedom and the Lagrangian be- 
comes that of the massive Gravitino coupled to matter 

+ ^(*^)matter + ^(S^atter), (A.20) 
ZMpi 

with the Gravitino now carrying the right degrees of freedom for the self-interaction 
term to be correctly identified with the Gravitino mass. 

This review of the super-Higgs mechanism generates the same Lagrangian as that of 
Deser-Zumino [3], which is a combination of the A-V action [2] plus linear supergravity, 
with one addtion: In their paper they additionally comment on the two cosmological 
constants — 4j-e + ce, which are set to cancel, where e = det(e a ^) and is the Vielbein 
of the Graviton. In this review and in |10| this is implicitly assumed. 
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